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Abstract. Increasing evidence in both experimental and clinical studies suggests that oxidative stress is 
involved in the pathogenesis and progression of diabetic tissue damage. This study investigated the effects 
of chronic exercise training associated with chronic oral administration of Quercetin on blood glucose levels 
and oxidative stress status in streptozotocin-induced diabetic Wistar rats. Adult male Wistar rats were 
divided into seven groups: Group I: non-diabetic, sedentary control rats; Group II: non-diabetic, trained 
control rats; Group III: non-diabetic, trained control rats treated with Quercetin; Group IV: diabetic, 
sedentary control rats; Group V: diabetic, trained control rats; Group VI: diabetic, sedentary rats treated with 
Quercetin; Group VII: diabetic, trained rats treated with Quercetin. Quercetin was administered via an 
intragastric tube (0.6 ml/rat), at a dose of 20 mg/kg body weight/day for 4 weeks after the induction of 
diabetes mellitus. Diabetes was induced by a single i.p. injection of streptozotocin (40 mg/kg body weight). 
Animals were sacrificed at the end of a 4-week swimming training program (1 hour/day, 5 days/week, 4 
weeks). The glycemic profile, oxidative status (lipid peroxidation and protein oxidation) and antioxidant 
levels (superoxide dismutase, catalase and reduced glutathione) were evaluated. When compared to diabetic 
sedentary rats, the animals submitted to chronic exercise presented significantly lower glycaemic values, 
and significantly increased oxidative stress levels. The diabetic, trained rats treated with Quercetin presented 
significantly lower glycaemic values accompanied by a remarkable reduction of oxidative markers. The 
results suggested that chronic exercise training associated with Quercetin administration could lower blood 
glucose levels and reduce oxidative stress in in streptozotocin-induced diabetic rats. 
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INTRODUCTION 
 
Diabetes mellitus (DM) is one of the most common endocrine-metabolic disorders 
contributing to high morbidity and mortality rates (Di Naso et al., 2011). Due to population 
aging, urbanization, increased prevalence of obesity and physical inactivity, the number of 
individuals affected by DM is increasing all over the world. Diabetes is an increasing health 
problem worldwide.  In recent years, more and more researchers suggested that the 
implications of oxidative stress in the pathogenesis and progression of diabetic tissue damages 
in addition to diabetic complications. Hyperglycemia and hyperlipidemia are promoters of 
diabetes dysmetabolism through the formation of reactive oxygen species (ROS) due to 
increased mitochondrial production of the superoxide anion radicals, non-enzymatic glycation 
of proteins and glucose autoxidation (Formagio et al., 2013; Jeong et al., 2013). The ROS 
cause cell damage and insulin resistance. Moreover, both of them stimulate pro-inflammatory 
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cytokines, thus contributing to β-cell degradation, particularly due to apoptosis pathways. Free 
fatty acids (FFA), which are elevated in diabetes and insulin resistance, may also contribute to 
the increased production of ROS due to increased mitochondrial uncoupling and β-oxidation. 
In addition, hyperglycemia and FFA-induced oxidative stress lead to the activation of stress-
sensitive signaling pathways, including nuclear factor (NF)-κB (Dias et al., 2005).  
Exercise and diet are cornerstones of diabetes therapy. The effects of exercise on a 
diabetic organism are of great interest to the medical and scientific community. Regular 
physical exercise has been reported to be effective in the prevention and delay of diabetes 
onset, increase of insulin sensitivity and glucose metabolism improvement. While the 
beneficial effects of physical activity on the metabolic profile are better known, the influences 
on oxidative stress mechanisms and inflammation that underlie diabetes are now starting to be 
elucidated, in particular due to animal studies (Teixeira de Lemos et al., 2011; Zhang et al., 
2012). Moderate chronic training has beneficial effects on diabetes metabolism through its 
anti-inflammatory and antioxidant properties. Exercise can increase skeletal muscle sensitivity 
to insulin, improve insulin resistance and regulate glucose homeostasis in models of type 2 
diabetes. However, the mechanism remains poorly understood (Lee et al., 2011). 
The role of oxidative stress in insulin resistance and diabetes has been the subject of study 
for many researchers in recent years, associated with the study of natural antioxidants 
administration in DM. However, the results are still incompletely understood (Chis et al., 2009). 
Recent research has shown beneficial effects of vitamin C and vitamin E administration - classical 
antioxidants - in preventing the progression of diabetic complications but the results are not yet 
proven (Formagio et al., 2013; Jeong et al., 2013). However, although it may not be possible to 
completely reverse diabetic complications, antioxidants could be useful in preventing or 
attenuating the adverse effects of chronic hyperglycemia. Quercetin (2-(3,4-dihzdroxyphenyl)-
3,5,7-tryhydroxy-4H-chromen-4-one) is one of the most widely distributed flavonoids, present in 
apples, onions, citrus fruits, berries, red grapes, red wine, broccoli, bark roots, flowers, and tea, 
having antioxidant properties in vitro and in vivo (Larson et al., 2012). This compound was 
reported to scavenge superoxide in ischemia-reperfusion injury, to protect against oxidative stress 
induced by UV light, spontaneous hypertension, secondary biliary cirrhosis, and bacterial 
lipopolysaccharide, and to inhibit angiogenesis, carcinogenesis, and portal hypertensive 
gastropathy (Bakhshaeshi et al., 2012; Kim et al., 2011; Larson et al., 2012). Many studies have 
examined the role of Quercetin to treat hypertension for treating DM. The long-term consumption 
of Quercetin appears to control blood glucose and lipid profile and decrease oxidative stress in 
animal models. It has been suggested that Quercetin protects the pancreas against oxidative stress 
in streptozotocin-treated animals, ameliorating hyperglycemia (Ginpreet et al., 2012). 
The study was realized on an animal model of type 1 diabetes induced with 
streptozotocin. The purpose of this study was to measure the levels of oxidative stress in 
streptozotocin-induced diabetic rats and to evaluate the possible efficiency of chronic 
(training) moderate exercise and Quercetin supplementation in restoring glycaemic 
metabolism and oxidative stress status in the streptozotocin-induced diabetic rats. 
 
MATERIALS AND METHODS 
 
The streptozotocin (STZ) used in this experiment were purchased from Sigma 
Chemical Company Inc., UK. The chemicals were of analytical grade. Quercetin were 
extracted, dosed and encapsulated at the “PROPLANTA” Applied Vegetal Biotechnologies 
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Center in Cluj-Napoca, Romania. The STZ and Quercetin were dissolved in citrate sodium 
buffer (0,1M, pH= 4,5). The study involved 70 albino Wistar male rats (10-14 weeks of age) 
obtained from the Biobase of the “Iuliu Hatieganu” University of Medicine and Pharmacy, 
Cluj-Napoca. The animals were cared for in the Biobase of the Physiology Department of the 
same University. Their mean weight was 250-300 grams (g) at the start of the trials. All 
animals used in the experiment were maintained in humidity-controlled rooms on a standard 
12:12h (07:00- 19:00) light-dark cycle and kept at a constant temperature of 21-23°C. The 
animals were fed with distilled water supplied ad libitum and rodent maintenance chow 
adapted to their weight (100 mg/g of weight). All animals underwent a two week 
acclimatization period to the laboratory conditions before introduction in the study. All the 
experiments were conducted in agreement with the protocols and recommendations of the 
“Iuliu Hatieganu” University of Medicine and Pharmacy, Cluj-Napoca, Ethics Committee. 
Induction of experimental diabetes. The study will be realized on an animal model of 
type 1 diabetes induced with streptozotocin (STZ). Streptozotocin was freshly dissolved in 
citrate sodium buffer (0.01M, pH 4.5) and maintained on ice prior to use. Diabetes was 
induced with a single i.p. injection of STZ (40 mg/kg) to overnight fasted rats (Chis et al., 
2009; Kamalakkannan et al., 2006). The animals in the control group were given only sodium 
chloride (NaCl 0, 9%) i.p. at the same volume of the buffer that used to dissolve STZ. 
Afterwards, 96 h of STZ administration DM was confirmed by measuring the fasting blood 
glucose concentration in coccygeal vein. Blood (0.2 ml) was withdrawn from the retro-orbital 
sinus was collected into heparanised tubes and centrifuged at 2000 G for 10 min. After 
removing the buffer coat, the packed RBCs were washed twice with cold isotonic 
physiological saline solution. Then a known volume of RBCs was lysed in cold phosphate 
buffer (at pH= 7.4). The haemolysate was separated by centrifuging at 3000 G, for 10 min, at 
2˚C. Both plasma and haemolysates was stored in the frozen at -85°C for later biochemical 
analysis. The fasting blood glucose level was estimated using a commercial glucose kit 
(Qualigens Diagnostics – Accu-Chek- ROCHE). Rats with blood glucose concentration above 
250 mg/dL were considered diabetics (Chis et al., 2009; Nagasawa et al., 2003) and used in 
experiments. The body weight of the rats was measured at the beginning and end of the 
experiment. Treatments with Quercetin began on day 3 after STZ-injection. 
Experimental Design. The animals were randomly subdivided into 7 experimental 
groups (n=10): 1st Group (control+sedentary, CS)- non-diabetic, sedentary untreated control 
rats; 2nd Group (control+exercise, CE)- non-diabetic, trained untreated control rats; 3rd Group 
(control+exercise+Quercetin, CEQ)- non-diabetic, trained control rats treated with Quercetin; 
4th Group (diabetis+sedentary, DS)- diabetic, sedentary untreated control rats; 5th Group 
(diabetes+exercise, DE)- diabetic, trained untreated control rats; 6th Group 
(diabetes+sedentary+Quercetin,DSQ)- diabetic, trained rats treated with Quercetin; 7th Group 
(diabetes+exercise+Quercetin, DEQ)- diabetic, trained rats treated with Quercetin.   
The Quercetin was suspended in carboxymethylcellulose (CMC, 0.01 g/ml) and orally 
administered via an intragastric tube (0.6 ml/rat) on a daily (20 mg/kg/day) basis for a period 
of 4 weeks after the induction of DM. The rats from the groups: CS, CE, DS and DE were 
treated with CMC (0.6 ml/rat) administered daily via an intragastric tube for a period of 4 
weeks after the induction of DM. The animals were then incorporated into the long-term study 
of 4 weeks. 24 hours after the final session of chronic exercise, all rats were deeply 
anesthetized (with sodium pentobarbital, 60 mg/rat ip) and sacrificed by cervical decapitation. 
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Chronic Exercise protocol. Each day, animals were transported to a treatment room where 
exercise animals were forced to swim. Three rats from each exercise group were placed in a 
cylindrical tank with a diameter and height of 60 and 100 cm, respectively, in water at a depth of 
30-45 cm. To minimize stress associated with cold or hot water exposure, water temperature was 
monitored and maintained at 36ºC. The rats were trained to swim for over one week, for 15 
min/day (5 days/week); the exercise protocol was gradually increased by 15 min/day until a 
swimming period of 1 hour/day (1 week) was attained to reduce water-induced stress. After the 
initial training, the rats suffered chronic exercise for 1 hour/day, 5 days/week, for 4 weeks. The 
animals were forced to swim until exhaustion and remain at the water surface. The exercise 
program was conduced essentially as described by Teixeira de Lemos et al. (Teixeira de Lemos et 
al., 2011) with some modifications. The sedentary rats were subjected to the same sampling and 
handling procedures as the exercise training animals, but they remained in their cages without food 
and water for the duration of the swimming exercise period. 
Biochemical analysis. The serum levels of oxidative stress were estimated by the 
measuring of free radical production: lipid peroxides and carbonylated proteins. Lipid peroxidation 
was estimated by measuring the malondialdehyde (MDA) levels (by fluorescein dosage, Conti 
method) (Conti et al., 1991). The results were expressed in nmol MDA per mL of serum. 
Carbonylated proteins (CP) as products of the reaction between the reactive oxygen species (ROS) 
and proteins were determined in serum, using the hydrochloric guanidine method (Reznick et al., 
1994). The results were expressed in nmol per mg protein. The blood antioxidant enzymes were 
estimated by measuring the level of: superoxide dismutase and catalase in the haemolysates of 
RBCs and the glutathione peroxidase in serum. The activity of superoxide dismutase (SOD) was 
assayed as described by Kakkar et al. (Kakkar  et al., 1994). A unit of the enzyme activity was 
defined as the enzyme reaction giving 50% inhibition of NBT reduction in 1 min under the assay 
conditions and expressed as specific activity in units/mg Hb, respectively units/mg protein. The 
catalase (CAT) activity was determined according to Pippenger (Pippenger et al., 1998) and was 
expressed in μmol H2O2 consumed/min/mg Hb, respectively units/mg protein. The serum reduced 
glutathione (GSH) level was measured using the Hu method (Hu, 1994) and expressed in nmol/ml.  
Statistical analysis. Results were expressed as the mean values±SEM (standard error of 
means). Significance level acepted at P<0.05. Data were analyzed using Statistical Packahe for the 
Social Sciences version 17.0 (SPSS-17). All experimental parameters measured were analyzed by 
one-way analysis of variance (ANOVA) followed by the Tukey ́s multiple comparisons post-test.  
 
RESULTS AND DISCUSSIONS 
 
Influence of Chronic Moderate Exercise and Quercetin treatment on Body Weight and 
Blood Glucose levels in Streptozotocin-induced Diabetic rats. The baseline weight of the rats at the 
beginning of the study was similar in all groups. The body weight of rats from the STZ-diabetic all 
experimental groups was significantly lower (p<0.05) than those of the CS group.  
At the end of the experiment, (after 4 weeks), the sedentary untreated diabetic rats (DS 
group) presented a significant decrease in body weight (p<0.05) when compared with the sedentary 
untreated control rats (CS group) and this decrease was not affected by Quercetin treatment (DSQ 
group) (Table 1). The chronic moderate regular exercise (training) significantly decreased (p<0.05) 
body weight in the DE group, and Quercetin treatment associated with chronic moderate regular 
exercise (training) (DEQ group) did not reverse this condition (Table 1).  
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Glucose concentration in the blood plasma of all STZ-treated rats was significantly higher 
(p<0.05) than those of control groups. Quercetin administration failed to significantly reduce 
glycemia (p<0.05) in diabetic sedentary rats (DSQ group) when compared to the DS group. The 
chronic moderate regular exercise (training) significantly decreased (p<0.05) glycemia in the DE 
group when compared to the DS group and treatment with Quercetin associated with chronic 
moderate regular exercise (training) (DEQ group) significantly decreased (p<0.05) glycemia in 
diabetic rats when compared to the DS, DE and DSQ groups (Table 1). 
 
Table 1 
 
Effect of Quercetin and chronic moderate regular exercise (training) on body weight,  
fasting plasma glucose levels, the levels of lipid peroxides and carbonylated proteins  
and antioxidant enzyme activities in plasma and RBC in normal and diabetic rats. 
 
 CS CE CEQ DS 
Final body weight (g) 
Final plasma glucose (mg/dL)                                  
Serum MDA (nmol/mL) 
Serum CP (nmol/ mg protein) 
Serum GSH (nmol/mL) 
RBC SOD (U/mg Hb) 
RBC CAT  
(μmol H2O2 utilized/min/mg 
Hb) 
279.10±5.72 
119.70±1.67
1.76±0.16 
1.28±0.86   
4.89±0.18 
5456.40±152.85 
6.42±0.15 
278.40±3.34 
102.90±2.18 
3.02±0.28a 
2.35±0.16a 
5.80±0.23a 
5432.59±160.5 
8.70±0.16a 
 
283.00±3.71 
100.20±1.86 
2.06±0.16 
1.81±0.13 
7.02±0.43 
6151.43±63.97a 
10.40±0.21a 
 
211.60±4.48a 
432.50±4.68a 
4.38±0.37a 
3.11±0.11a 
11.21±0.55a 
4119.79±74.64a 
5.18±0.18a 
 
 
 DE DSQ DEQ 
Final body weight (g) 
Final plasma glucose (mg/dL)                                  
Serum MDA (nmol/mL) 
Serum CP (nmol/ mg protein) 
Serum GSH (nmol/mL) 
RBC SOD (U/mg Hb) 
RBC CAT  
(μmol H2O2 utilized/min/mg Hb) 
169.70±9.64a
b
 
366.00±9.09a
b
 
3.40±0.19ab 
2.33±0.24ab 
16.09±1.48ab 
3817.50±76.5a 
7.07±0.27b 
 
213.20±4.64a
c
 
290.30±29.04a
b
 
3.17±0.20 a
b
 
1.99±0.21ab 
17.85±1.59ab 
5088.36±159.52bc 
7.48±0.21ab 
 
171.30±9.77a
bd
 
198.10±39.98a
bcd
 
2.76±0.33 a
bc
 
1.25±0.12abcd 
22.52±0.44abcd 
6534.60±100.05abcd 
8.81±0.36abcd 
 
 
CS = control+sedentary,CE=control+exercise,CEQ=control+exercise+Quercetin, DS = diabetes + sedentary, 
DE=diabetes+exercise, DSQ=diabetes+sedentary+Quercetin, DEQ = diabetes + exercise + Quercetin ; MDA= 
malondialdehide, CP= carbonylated proteins, GSH= glutathion, RBC= red blood cell lysate, SOD= superoxide 
dismutase, CAT= catalase. Results are mean±SEM of 10 rats per each group. Statistically significant differences are 
indicated by the symbols: (
a
) vs. the sedentary untreated control rats,  (
b
) vs. the sedentary diabetic untreated control 
rats, (
c
) vs. diabetic, trained untreated control rats and  (
d
) vs. diabetic, sedentary treated with Quercetin rats. Means 
in a row with superscripts without a common letter differ, p<0.05. 
 
Serum Lipid Peroxidation (MDA) and Proteins Carbonylation (CP) in Streptozotocin-
induced Diabetic rats and Effects of Chronic Moderate Exercise and Quercetin treatment. The 
serum MDA and CP levels from the STZ-diabetic all experimental groups were significantly 
higher (p<0.05) than those of the CS group (Table 1). Meanwhile, the chronic moderate regular 
exercise (training) was able to significantly decrease (p<0.05) serum MDA and CP levels of the 
diabetic rats (DE group) compared with the DS group. Quercetin administration failed to 
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significantly reduce (p<0.05) the serum MDA and CP levels in diabetic sedentary rats (DSQ 
group) compared to the DS group and treatment with Quercetin associated with chronic moderate 
regular exercise (training) (DEQ group) very significantly decreased (p<0.05) the serum MDA and 
CP levels in diabetic rats comparated with DS and DE groups (Table 1). 
Enzymatic antioxidants in Streptozotocin-induced Diabetic rats and Effects of 
Chronic Moderate Exercise and Quercetin treatment. GSH activity was higher in the DS 
group and the DSQ group showed an increase in enzymatic activities compared to the DS 
group (Table 1). GSH activity was significantly increased (p<0.05) after the treatment with 
Quercetin (DSQ) and the untreated diabetic rats subjected to chronic moderate regular 
exercise (training) (DE group) exhibited a significant increase (p<0.05) in the activities of 
GSH in the plasma compared with CS and DS groups (Table 1).  SOD and CAT activities 
were reduced in the DS group and the DE group showed a significant increase (p<0.05) in 
enzymatic activities compared to the DS group. Catalase and SOD activity was decreased in 
the DS group and the treatment with Quercetin (DSQ) restored the activity (Table 1).  
The diabetic rats treated with Quercetin and subjected to chronic moderate regular 
exercise (training) (DEQ group) exhibited a significant increase (p<0.05) in the activities of 
SOD, CAT and GSH in the plasma compared with DS, DE and DSQ groups (Table 1). 
The present study examined the effects of swimming exercise and Quercetin 
supplementation on oxidative stress of STZ induced diabetic rats. Streptozotocin, an 
antibiotic and anticancer agent produced by Strepomyces achromogenes, is the most 
commonly used agent accepted for inducing diabetes type 1 in a variety of experimental 
models by affecting degeneration and necrosis of pancreatic beta-cells associated with 
vascular dysfunction and oxidative stress (Oelze et al., 2011). Exercise training has been 
known to be effective in type 2 diabetes by increasing insulin sensitivity. There is no 
knowledge as to how exercise acts in type 1 experimental diabetes. Swimming exercise has 
also been commonly used to identify the physiologic, biochemical and molecular response to 
exercise stress, mainly because it is a uniform type of activity that is less traumatic to animals. 
Swimming protocols were used in another studied issue in order to evaluate the effects of 
exercise training on the type 2 diabetes pathophysiology, including on inflammation and 
oxidative stress (Coskun et al., 2004; Lee et al., 2011; Teixeira de Lemos et al., 2011).  
In the present study, the chronic moderate exercise (training) presented a significant 
glucose-lowering effect on STZ diabetic rats. These results are in agreement with other studies 
performed in obese rodents (Teixeira de Lemos et al., 2011). The effect of chronic exercise on 
glycemia is likely due to the ability of skeletal muscle contractile activity to activate glucose 
transport.  Swimming training was able to improve peripheral insulin resistance, even though 
there was less action on hepatic resistance. In our study, the Quercetin treatment of the STZ 
diabetic rats decreased blood glucose levels. This obervation coincides with previous reports of 
Mahesh and Menon  (Mahesh et al., 2004) and Coskum et al. (Coskum et al., 2005), who found a 
hypoglycemic effect of Quercetin when given to STZ-diabetic rats. The Quercetin treatment 
associated with swimming exercise had a better effect on blood  glucose levels. 
 Oxidative stress is the result of a redox imbalance between the generation of ROS and 
the compensatory response from the endogenous antioxidant network. Hyperglycemia and 
hyperlipidemia induce the formation of ROS due to an increased mitochondrial production of the 
superoxide anion radicals, non-enzymatic glycation of proteins and glucose autoxidation 
(Formagio et al., 2013; Jeong et al., 2013). In the present study, the administration of Quercetin 
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associated with swimming exercise decreased STZ-induced oxidative stress. This suggests that 
treatment with Quercetin could ameliorate the oxidative stress caused by hyperglycaemia.  
Lipid peroxidation is a characteristic of diabetes mellitus. Lipid peroxidation is a free-
radical-induced process leading to oxidative deterioration of PUFA. Under physiological 
conditions, the concentrations of lipid peroxides in the plasma are low. Lipid peroxide- mediated 
tissue damage resulted in the development of both type I and II diabetes. Low levels of lipid 
peroxides stimulate the secretion of insulin, but when the concentration of endogenous peroxides 
increases, it may initiate uncontrolled lipid peroxidation, thus leading to cellular infiltration and 
islet cell damage in type I diabetes (Teixeira de Lemos et al., 2011). The most commonly used 
indicator of lipid peroxidation is MDA. Carbonylation of proteins is a feature of irreversible 
oxidative damage, often leading to a loss of protein function, which is considered a widespread 
indicator of severe oxidative damage and disease-derived protein dysfunction.  
While moderately carbonylated proteins (CP) are degraded by the proteosomal system, 
heavily carbonylated proteins tend to form high-molecular-weight aggregates which are resistant 
to degradation and accumulates as damaged or unfolded proteins. STZ-induced oxidative 
damage in proteins was revealed by the increased content of carbonylated proteins in the plasma. 
Our results showed that in diabetic animals, the levels of MDA and CP were significantly 
increased in STZ diabetic rats. Exercise decreased the elevated MDA and CP levels, and these 
changes are higher in the diabetic rats treated with Quercetin associated with chronic moderate 
regular exercise (training). Our results are consistent with the other studies results (Bakhshaeshi 
et al., 2012; Ginpreet et al., 2012; Teixeira de Lemos et al., 2011) who indicated an increase in 
lipid peroxidantion and carbonylation of proteins in diabetes mellitus. 
STZ increased ROS and decreased the antioxidant enzyme activity significantly. In our 
study, antioxidant enzyme activities in the RBC (SOD and CAT) were significantly decreased 
and GSH plasmatic levels were significantly increased in STZ-diabetic rats. Moderate chronic 
training increased the reduced antioxidant enzyme activities. These findings coincide with 
previous reports which found an antioxidant effect of moderate-intensity exercise (Coskun et al., 
2004; Teixeira de Lemos et al., 2011). The Quercetin treated diabetic rats showed an increased 
activity of SOD, CAT and GSH. Quercetin is an important flavonoid which is known to be a 
potent antioxidant because of its directly scavenging ROS and free radicals (Annapurna et al, 
2009; Boots et al., 2008; Ginpreet et al., 2012; Jeong SM et al., 2012). Our results showed that 
Quercetin treatment associated with chronic moderate regular exercise (training) significantly 
increased the antioxidant enzyme activity in STZ-diabetic rats. 
 
CONCLUSION 
 
In conclusion, our findings suggest that exercise training associated with Quercetin 
supplementation has therapeutic preventive and protective effects in diabetes by decreasing 
blood glucose levels and oxidative stress. 
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